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BACKGROUND 
on generally relates to the use of fiber optic seaisots in a variety of 



environments. T<^i^ paiticulaily, the invention tdates to the use of such sena^ in a which 
con«ofs Ibe modfc atk>n instahmty tliat h generated x^n greater amounts of power ar« launched 
inCo the relevant |i|ber. 

A distribi itfed fiber optic sensor enables a measurand (usually tempecratuie) to be 
chacacterised alo lifthe length of the fiber as a continuous flinction of distance. Distributed 
temperature sens ,j ^ are used in the following industries and processes: oil well pioductioti, 
electrical power < -.i bles, industrial processea, pipdines. fire alanns and tunnels. 

In optical i me domain reflcotometry (OTDR) lype sensors, a short pulse of Ugfat is 
launched into the s ensii^ fiber. As the pulse propagates along the fiber a smafl fraction of light 
is scattered back t< wards the sending end. The pmcessing electronics measu]«s the 
characteristics of i le backscattered light as a fimction of time relative to the input pulse. As the 
propagatioatime <f the light is known, the perturbations of its characteristica be spatially 
resolved along tte- 



Bofli the intensil:3 



fibor. 



In BriUoti^ l OTDR (BOTDR) the light scattered back 



is as a result of BriUouin scattering. 



imd fi-equencj; shift of the Brilloum scattered li^t ate dependent on 

temperature and It -am. Therefore by analysiiig these paiameteis it is possible to realise a 
distributed tenape n cfure and/or strain sensor. 

The perf«|ittance of OTDR type sensors is critfcaUy dependent onfhe signal-to-noise 
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W« Me Ao,«r Of tt« h^died pube is de^nnfeed by of ooa-Hn«r in 

4e fiber. ™, Ji^ , cta«, to ^ ^j,^^ „^ ^^^^^ „<Kl„tetog i. «>d r^uHs in 
*og«Wi„„oJ.ideba»l^ ^="»"-**«te«fe„atfl«,«.ivervia,fte^ 
1 «iegradation of Ute S/N occurs leading to possible inaccuracies in the 

measuremeots. 

Otel^k of fiberoptic .endng sy,*^ .re susccpUhb to n«Irt.«„„ l„«»bai^. 
°'V'^*''^*^Bdnouin„Ran»nopti<^ 
fiber aUg gratiag intafaomeWo sy^ polarir»Wo syste.,^, i,«««i.5, 

sysJero, and dia lUted. siiiglfr.ix>inl, or muW-poim ^wenii. 
Tl» M^UouUi aerefcr. beneffl fe^ a fiber o^ 

»if^ofgre«J,,„,«,oa„b.Ia»„d>«li«„ther.te™«fib=rwifl«^ 

instabUity. 

Tl^us, tbJJ exists a <H«^a„i„g need &r ara ™^ 
one «r more of ft problems that aie stated above. 



These jacIudeKj 



AcconJinf-jto 
for use in a remoi 
starting location 
carrymg signal ftjiin 



SUMMARY 

a first aspect, the present invention conq,ri«,s a fiber optic setudng system 
location, ccinpriaing: an <^cal fiber ad^ to cany an optical aignal fiom a 
«v«rds a remote location; the liber adapted to transmit at least one informatior. 
the remote location towards the starting locationj (he information-cairyire 



tevel ^eiirt U senerato modutation i-^tablHo, if *. fiber operated m axegion of 

positive chromatfc dispersion. 

Acccdinfe to a second aspect, the dnvemion is a method for sensing a parameter in a 
temote locafioB. |., ,mprismg: p^vidtag a fibers catr^rng an optical signal through the fiber from 
a startmg locatiai.: towards a remote locatioa; opei^ihe fiber in aiegion of n^ve 
chromatic dispexlk caixying the optical signal at apow« level sufficieirt to generate 
modulation insfabi lity £f the fiber 1 



setismg a parame 
signal thiough tl 
catty tng signal i 



wsTc operated in a region of positive chromatic dispersion 
r m the remote location; and transmitting at Jea^ one infoixaati«*canyfaig 
fiber &am the remote locafioatowanls fihe starting location, the infotmation- 
ing information related to Ihe parametCT. 



BRIEF DESCRIPTION OF THE DRA-WING 
Fig. I iMilot ofihe spectrum oftte optical signal usingaprior art fiber orti 



system, 

Pi&2is£ 

similar power 

Fig. 3 is c 
Fig. 4 is s 



c sensor and 



i »lot of the spectrum of the optical sigr^al (decibel ve«us ^velength) at a 
□g as that of Figure 1 using adlspeasion shifted fiber. 
i diematic of the present inventian used in a wellbore. 
|cfaematic of the present invention used along a pipeHne. 

DETAILED DBSCEUPTION 
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A more 
fte pres«it inve 

Optical 
derivative of thfi 
phenomenon is 
Kerr efikct, mod 
fiber. When the 
dispersion, then 
signal wlthincre 
power level and 
results from four 



ailed explanation of modulation Instability will first be pixjvided followed by 
on's system and method to ndntmize such instability. 

i^s exhibit what is known as chromatio disperaioa Chromatic dispersion Is the 

isit time of an optical pulse with respect to wavelength. In timi, this 
ijised by the tefiactive index changing with wavelemgth, A second effect, the 
les the res&active indcjc as a iunchon of the pow^ density in the c<>re of the 
■^fracstive index change caused by the Ken efifect matches the chromatic 

variations hi power become amplified and ultimately resvflt in a t^aaotic 
ingly wide sidebands (see 22 m Fig. 1 and further explanation below) as the 
e fiber length increase Cmodulation instability'O. Modulaticm instabihly 
^i/ave mhdng, where the phase matehuig is provided by the non-lmear changes 



inicfiaotivemde* compensating chromatic dispereion. Modulation instability only occurs m a 
waveJengfli regie « where chiomatic dispersion has a positive dgn. It should also he noted that, 
in the positive diversion region, the most e^ve modulation instablUly occurs where the 
dispersion is sma I, since only low levels of Kenr-non-Unearity ate needed to compensate the 
dispersion to this case. The phenomenon of modulation instabUily is well known in 
telecommimicati< i s and i s described fijrther by Q J». Agtawal in «Non43nBar Fibex Optics" 
Aoadeaiuc Press, l>89, ISBN 0-13<>45140.9. 

Figure 1 i lustrates the problems encountered with modulation msiability spedaUy Vfbsn 
therdevantfifaerii.usedtottansmitseasinginfhiination, Figa« l Aows a plot of the spectrum 
of the optical sig|< 1 Cmtenshy in log^scale versus wavelenglh) at a given power setting using a 

sensor and system, such as Commg's SMF 28. Figure 1 shows at 20 the 
highest power thitk launched mto the relevairt optical fiber. TWs peak power 20 is great 
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modulation insta 



enough to cause W e onset of modulation instabilitjr in the fiber, as described above. The 



ility, in turn, causes the sidebaoids 22 to be generated at either side of fte peak 
power 20. The s x fibands 22 cbstnict the measurement of the smaller and infoimation-cairymg 



signals 24, such 
sucb as Raman 
signals 24 incli 
sensing system, 
should be greatly 




the Brillouin peaks shown in Figure 1. Other informatton^aTiying signals, 
:ermg, may also be affected by the sidebands 22, The infomiationrcanying 
the information that relates to the parameter that Is sensed by the fiber optic 
ixxs, in order to measure the information-carrying signals 24, the sidebands 22 
] educed if not eliminated. 



As provic lisly discussed, modulation instability only occurs in a wavelength region where 



chromatic disper; 
modulalion in 
chromalic d: 
that greatly redu 
infoTmation«carr 



\ 3n has a positive sign. The present invention thus avoids the effect of 

ility by operating a single mode fiber sensor in the region of n^ative 

fan. In essence, the present invention comprises a fiber optic sensing system 

the sidebands 22 thereby allowing the proper measurement of the 
1 ag signals 24, There are various ways this can be adiieved. 



In 



loss of silica flbefs 
fibers (in which 



In one m b odiment, tie fiber optic sensor system is operated at wavelengths shorter than 
Uie wavelength o ^jzero dispersion in conventional single-mode fiber. For instance, Conaing's 
SMF 28 optical i l: er has a wavelength of zsero chromatic dispersion Q^") of approximately 131 1 
nanometers. It f< 1 ows that operating tiie sensing system a* a wavelength shorter than but 
longer tlian the ckoff wavelength of the second mode (typically 1260 nanometers) prevents the 
onset of modulat □ a instability. 

i anbodiment, &e fiber optic sensor system is operated in the region where the 



is at their lowest (Lb. in the vicinity of I550nm) and in this case conventional 
Jiomatic dispersion is positive at this wavelength) leads to the modulation 
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Instability problc 
been shifted to 



profile, for e: 
These fibers are 
Qnetypcl 



However, by selecting an optical fibex in which the desiga characteristic has 
vBlengths well beyoad the target operating wavelength^ modulation mstaWHty 



can be avoided, lien at I55(tam. Suchfibers can be constructed by tailoring the refractive index 



e to increase the waveguide dispersion contributian to chromatic dispeision. 
mmonb' lefensd to as dispersioM shifted fibca-s. 

fdispersionshifted fiber is Coming's MertroCor optical fiber. Figure2shows 



a plot of aie spe>|^um of the optical signal (intensity in lo^scale vetaus wavelength) at a sunilar 
power settmg as i at of Figure Inang a dispersion shifted fiber. As can clearly be seen, by use 
of the dispersi.>n d lifted fiber, the effect of moduladon instability and therefore the sidebands 22 
t can be greatly reliiced, if not eliminated. 

The press n t invention covets the use of a wide range of fiber optic B^ing systems, 
including Raman < r Brillouin OTDR systems, Briflcruin or Raman optical fi^quency 
rcflectometry sys ci ms, fiber Bragg grating systems, inteiferomeHic systems, polarimefric 
systems, intensit: systems, and distribnted, single-point, or muW-point systems, althou^ it is 
most beneficial v lere the ^^stem design tequires fee transmission of higfrpo wer, nanow-band 
Kght 

In a<Wi1io 1 as is known in the art, d^ending on the system and sensor used, the 
measnrandto be ased and characterized can comprise atiy of a number of parameters, 
inclnding temper iture, strain, presBure. distributed temperature, distributed strain, distributed 
pressxue, flow, d. i sity. resistivity, acoustic pressure, acceleration, or chemical prop«ties. 

The fiber j rtic sensing system 10 of the present invention may be used wh^ the relevant 
fiber is the senso: i tself (such as in OTDR;) or when the relevant fiber transmits the sensor 



information firon , m «rtrinsio sensor (such as when the fiber is comxected to an external optical 
fiber seusor) or i ^ rinsic s^or (such as >vhea a fiber B«eg gratfag is written on the fiber). 

ThefibJ^ptic sensing system 10 offtepiesentirivetrtionmay be deployed in a wellboxe 
30 as shown InliLre 3. A fiber 32, which may be a dispersion shiftedfiber, may be deployed 
withinaconduitlUthewellbor«30, The condidt 34. v*ich can be a hydranlic contn,nine. 
maybeaflachedW » conveyance device 36. such as a pmduction tubing or coiled tubix^^ The 
fiber 32 is optica^, connected to an optoelectronic unit 38 that may be located at the surface 40. 
The unit 38 lamMxes the <^tical poises ttaough the fiber 32 and receives a «tum rfgnal, such as 
backsca««red ligh!. As previously disclosed, the fiber optic sensing system 10 is operated fax the 
• region of negati>^ chromatic dispersion (such as by employing one of fee embodhnonts 

d). Thus, the return signal vrin have greatly reduced sideband 
|8 to measure and identic the infonnation-^toying signals 24. such as 



previously disci 
allowing the uni- 



provides a measi 
based on the n 
distributed texni 
fiber 32. The 



BxiHouin or Ram , X scattering As is kno^ i„ the art and as previously disclosed, the unit 38 




lis 



; of tie relevant measurand (such as temperature, strain, or pressure) 

: of the infoimation-canying signals 24. Fcir instance, if the measurand 

re, the unit 38 and fiber 32 provide aten^emture profile along the length of 

libuted temperature profile may be used by an operator for various purposes. 

such a. to pmvid^L indication of whc^he. l^drocarbons ^ 
the wellbore 30. | 

The prese ^ : invention m^ also te used m co,yunc«on with a p^^ 
^4. Afib|52.vvhichn^beadispersionahii^ 

along the pipeline 50. The conduit 54 may be attached to the pipeUne 50. 



54 that is dispose 



Tl« liter 52 is R eally connected to an <,*Hebctt™^ Ihe»rft56Ia«<=tea4= 
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) identify the presJ 



optical pulses thicugh the fiber 52 and receives a return signal. stK* as b^kscattered light. As 
previomly disci A ^ the fiber optic sensing sy««m 10 is operatedm the regioa of negative 
chromaiie disper »| on (such as by employing one of the embodiments pre>iously disclosed). 
Thus, the xetum ^ gnal vdU have greatly reduced sideb«,ds 22 thereby allowing the unit 56 to 
measxire and ide. ^ ^ the informaiioi^arrying signals 24, such as Brillouin or Ran3«n scattering. 
As is known in it art and as prerviously disclosed, the unit 56 provides a n^asurement of the 
retevant measuraL i (such as temperature, strain, or pressure) based on the read&ag of tbs 
iafimnation-cart|jag signals 24. If 1i»e unit 56 and fiber 52 pit>vide a distributed tempersture 
profile along the|j.ngthofthe fiber 52. Ihe tenxperatarc profde may be used by an ope^tor to 
jce and location of any leaks along the pipeHne 50. 
AlthoughU wellbore 30 and pipeline 50 exaniple have been given, it is understood that 
the present invJi on im^todingthefiber 32, 52 may be used inany o&er sensing enyirxmment 
(remote location j For instance, ia« present invention may be used in the foUoxving induslries 
and processes: elUtrical pov«r cables (to measui.. the performance of ihe cable), mdustrial 
processes (to mJL ut« fee performance of the process), fire alarms and hinnels <to identify the 
presence of afirl and civa engineering structures (to measure strain in a struoture). 

By reduci . 5 effect of modulation instaWUty. the present invention enables an operator 
to launchpulses < . ^er greater distances than prior art systems, and thereby enables an operator to 
sense a particulai j aeasur and over greater distances. 

Kisnotec | hat in those embodiments in wWch a conduit 34. 54 houses &e fiber 32. 52, 
^fiber32,52n.ybepumped into the oonduit 34, 54 by use of fluid drag. Essentially. ft« 
fiber 32. 53 is dri f ged through the conduit 34, 54 by use of IgrdiauUc fluid pressure that is 
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inject^ into the :tptiduit 34, 54. TMs piimpmg techciqae is descn^ 

37^283, incoxpor L|ed faeretn by reference. 

i 

While ihi i xiventioii has been disclosed wilh respect to a limited number of eixibodim^ite, 
those skilled in tli ^ art, having the benefit of titus di sclosure, will appreciate numerous 
modifications an i variations therefiom. It is intended that the appended claims cover all such 
modifications anplvariations as fall within the true spirit and scope of the invention. 
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CLAIMS 



What is I 



imed is: 



1 . A fib^r o X ic sensing system for use in a remote location, comprising: 
5 an optica iber adapted to carry an optical signal J&om a sitarfing location towards a 

remote location; 

the fiber i l< ^ed to transmit at least one informailon-canying signal Irom fte remote 
location towards f je starting localion; 

Hie infbri liition-carrying signal carrying information related to a parameter that is sensed 
} m€hs remote loc i iooi 

fee fiber i lerated isx a r^on of negative ohivnnatic dispersion; and 
ftie optics llsigiial being at a poTver level sufiEcient to generate modulation instability if the 
fiber were operal 3 i in a region of positive chiDmaotio disperaon. 



3. The 
carrying signal 



syste I of olaim 2. wdierMn the unit attracts the information d&owi the infbimationr 



4. The systdx . 
Instabilily that dc^ 



: 2. The syste 1 of claim 1 , fiirtiier comprising an electro optical unit connected to the fiber. 



of claim I, wherein the optical signal is subject to a level of modulation 
not inhibit a prcper measurement of the informatioitcarryiD^ signaL 
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S. The sys 
instability that i 



of claim 1, wiierein Hie optical signal is subject to a level of modulation 
dbles the proper meaifureanent of the infermaticnrcanying signal. 



6. The syst4f of claim 1, wherein the parameter comprises at least one of temperatme, 
strain, pressure, ft^buted tstttperature, distributed strain, distributed pressure, flow, density, 
resistivity, acouslij: pressure, acceleration, or chemical properties. 



7. The syst< 
sensor. 



of claim 1, wherein the fiber transmits the infomiation-canymg signal from 



a 



8. The systefc of clahn 7, wherein the sensor is an intrinsic sensor. 



9. The syste i of claim 7, whereha the sensor is an extrinsic 



sensor. 



1 0. The systB % of claim 1, vOi&rem fte fiber is ad^jted to sense tiie parameter. 



11. The syste r of claim I. v^erein ihe hifonnationK^anyiiig signal comprises BriDouia 



12. The systeM, of claim 1. wherean the remote location comprisBS one of a wellbo«s, a 
pipeline, an eleciji :al power cable, an Jndustrial process, a &« alarms, a tumiel. or a structure. 



14. The sys 



of claim 1, wSiereha the fiber is housed in a conduit. 
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15. Thesyst^ 

16. Thesys 

17. The^s 
wavelength of 5 

18. rhesysl 
a second mode < 



of claim 14. wherein the fiber is pumped mto the csonduit, 

of claim 1, wherein the fiber is a dispersion shifted fiber. 

of claim wherein the fiber is operated at wavelengths shorter than the 
> dispersign* 

of claim 17, wherem the fiber is operated at wavelengths that are longer than 
-off wavelengthL 



location; 

operating 
carrying 1 



1 9, A method or serrang a parameter in a remote location, comprising: 
providing u fiber; 

carrying ; i , optical sigml tbrough the fiber fix)m a starting location Iwvards a remote 



1|ie fiber m a region of negative chromatic dispersion; 
3 optical signal at a power level sufficient to generate modulation instabilily if 
tbe fiber were opyated in a region of positive chromatio dispersion 
sensing a|pjarainetcr in the remote location; and 



transmitti 
location towards 



at least one information-carrying signal ftixnigh the fiber firom the remote 
:|e starting location, the information-carrying signal carrying infoimation 



related to the par 11 aeter, 
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li 



20. The metlj:jd of cledm 19, fiirfher comprising connecting an opto electronic unit to the 
fiber. 



21. Themei 
5 infortnationrci 

■ 22. The mi 
so that the optic: 




of claJm 1 9, furtiier comprising extracting the infomiation fi^m the 
ig signal. 



dof claim 19, Tvherein the oanrying step comprises carrying the optical signal 
signal is sul>jeot to a level of modidatioti instabiUty that does not inhibit a 



proper measuwa dnt of the informatian-canying signal. 



23. The meth M of claim 19, wherein tbs cariying 



so that the optica 



step comprises canying the optical signal 



! signal is subject to a level of modulation instabUity that enables the proper 
ineasurement °^f^ infonnatLon-oatiying signal. 

24. The melh , i of claim 19. wherem the parameter comprises at least one of temperature, 
strain, pressure. < i rtributed temperature, distributed stram. distributed pressure, flow, density, 
resistivity, aoous i t pressure, acceleration, or chemical properties. 

25. The methj>jl of claim 19, wherein the sensing step comprises sensing Ifae parameter with i 
sensor and tiw trjlLmitting step comprises transmitting the ijifonnati«i-caitylng signal ftom the 
sensor. 



26. ThemelhJ 



of 25, wherdn the sensor is an. mtemal 



sensor. 
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27. The mettflajp of claim 25 , wherein the sensor is an external sensor, 

\ 

28, The naetlMi of claim 19, whereia the sensing step comprises sensing Hie parametef with 
I the 6btt. 



29. * The meftMl of claim 19,, whereiTi the informatioife-caxrylDg signal comprises Brillontn 
scattering. 

) 30. The metht i of claim 1 9, \v4iePQin flie reracte location comprises one of a wellbore, a 
pipeline^ an eleclnpal power cable, an industrial process, a fire alarms^ a tunnel, or a structure* 

3 1 . The meth d 1 of claim 1 9^ further comprising housing the fiber in a conduit 

5 32, The meth > i of claim 3 1 , further comprising pumjMng the fiber into the canduit 

33. The meth >& of claim 19, wherein the fiber is a dispersion shifted fiber. 



34. The methi 
0 than the wavelt 




of claim 19, further comprising operating the fiber at wavelengths shorter 
of zero dii^ersiont 



35, The mefliM of claim 34, further comprising operatiiig at wavelengths that are longer liian 
a second mode ci llofF wavelength. 
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SYSTEM AND METHOD TO MINIMIZE MODULATION INSTABILITY 

ABSTEIACT OF THE DISCLOSURE 
The preslilt inventian comprises the use of a fiber in a sensing optical fiber system 
operated in a teg|< n of negative chromatic dispersion to minimtzse modulation instability thereby 
enabling the idei i fication and measurement of the inforaiationrcanying signals* The present 
invention may hi fjsed in a variety of sensing environments. 
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